Abstract. Long non-coding RNA (lncRNA) is a class of regulative non-coding RNA that is >200 nucleotides in length. Previous studies have demonstrated that lncRNA Fer-1-like family member 4 (FER1L4) serves regulatory roles in tumor progression; however, its clinical significance in human neuroglioma remains unclear. In the present study, data from The Cancer Genome Atlas was mined in order to investigate the association between FER1L4 expression and prognosis in patients with glioma. A short interfering (si)RNA targeting FER1L4 was transfected into U373-MG and U251 glioma cell lines, and cell viability, invasion and apoptosis were examined using CCK-8, Transwell and Annexin V-fluorescein isothiocyanate/propidium iodide assays, respectively. FER1L4 was significantly upregulated in high-grade glioma compared with low-grade glioma. Additionally, high expression of FER1L4 significantly predicted poor prognosis in patients with glioma. The expression of FER1L4 in glioma cell lines was significantly higher compared with that in normal astrocytes. Furthermore, by downregulating FER1L4 using siRNA, the invasiveness and viability of the glioma cells significantly decreased, while apoptosis significantly increased. The findings from the present study indicate that FER1L4 serves a role in the occurrence and progression of glioma, and could be used as a prognostic biomarker for this disease.
Introduction
Neuroglioma is a primary nervous system tumor with a high rate of malignancy (1) . Patients that receive surgical treatment for this disease typically have a poor prognosis, particularly those with glioblastoma multiforme (GBM), for which the average survival time is <2 years (2) . According to a previous study (3) , the occurrence and progression of glioma is associated with the abnormal expression of oncogenes and tumor suppressor genes. However, the molecular mechanisms underlying glioma development remain unclear (4) . Investigating the association between changes in gene function and the occurrence and malignancy of glioma may aid in improving understanding of the molecular mechanisms underlying glioma development, and therefore the development of effective drugs to improve the survival of patients with this disease (5) .
Long non-coding RNA (lncRNA) is a type of RNA that does not code for proteins and is >200 nucleotides in length (6, 7) . LncRNAs regulate gene expression on an epigenetic, transcriptional and post-transcriptional level (8, 9) . The modes by which lncRNAs regulate gene expression include chromosome modification and transcriptional activation or interference (10) . Differential expression of lncRNA has been demonstrated between normal and cancerous tissues, such as lung cancer (11) , colorectal cancer (12) , breast cancer (13) and glioma (14) , suggesting that abnormal lncRNA expression serves a role in tumor occurrence (15) . LncRNA is a potential biomarker for predicting the outcomes of treatment and patient prognosis, and may be a target for gene therapy (16) .
Fer-1-like family member 4 (FER1L4), a lncRNA, has been associated with tumor occurrence and progression, particularly in gastric and colon cancer (17, 18) . In the present study, data from The Cancer Genome Atlas (TCGA) was mined in order to investigate the association between FER1L4 expression and the prognosis of patients with glioma. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis was also performed to study the differential expression of FER1L4 in glioma cell lines and normal astrocytes. The results of the present study indicate that FER1L4 is a predictor of poor prognosis in glioma, and serves an important role in the occurrence and progression of glioma.
Materials and methods

Analysis of clinical data.
The clinical data and gene array data for glioma in 149 patients with GBM, 158 patients with World Health Organization (WHO) II grade glioma and 177 patients with WHO III grade glioma was obtained from the TCGA database (19) using the platform illuminahiseq_rnaseqv2. All glioma samples were histologically graded in accordance with the 2007 WHO classification of tumors of the central nervous system (2) . TCGA gene expression data for FER1L4 were extracted and merged with clinical outcome data for further analysis. The predictive value of FER1L4 on survival was examined, and FER1L4 expression acted as a continuous measurement in addition to a categorical variable. A total of 484 patients were divided into the following two groups according to FER1L4 expression with the median as the cutoff: High expression group (242 patients) and low expression group (242 patients).
Cell culture. Neuroglioma cell lines U373-MG, U251, LN-18, U87-MG and SHG-44 and the normal astrocyte cell line NHA-1800 were purchased from the Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). Fetal bovine serum (FBS), 0.25% trypsin and Dulbecco's modified Eagle's medium (DMEM) were purchased from Invitrogen (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Other consumables for cell culture were purchased from BD Biosciences (Franklin Lakes, NJ, USA). The neuroglioma cell lines and the normal astrocyte cell line NHA-1800 were cultured in DMEM containing 10% FBS and 1% myllicin at 37˚C with 5% CO 2 in a humidified incubator. Cell passage was performed when the cells had grown to 80% confluence.
RT-qPCR. Total RNA extraction was performed using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and RNA content was quantified using a UV-spectrophotometer (20) . RNA was reverse transcribed to complementary (c)DNA using a RevertAid™ First Strand cDNA synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.) and qPCR was performed. The primers were synthesized by Shanghai Invitrogen Biotechnology Co., Ltd. (Shanghai, China), and the sequences were as follows: FER1L4 forward, 5'CCG TGT TGA GGT GCT GTT C-3' and reverse, 5'GGC AAG TCC ACT GTC AGA TG3'; GAPDH forward, 5'AAG GTG AAG GTC GGA GTC AA-3' and reverse, 5'AAT GAA GGG GTC ATT GAT GG-3'. The reaction components were as follows: DreamTaq™ Green PCR Master Mix (2X) 10 µl, 2 µl PCR Forward Primer, 2 µl PCR Reverse Primer, cDNA 2 µl, ddH2O 4 µl. The thermocycling conditions were as follows: Denaturation at 95˚C for 2 min; 35 cycles of 95˚C for 30 sec, 57.4˚C for 30 sec, 72˚C for 30 sec; and extension at 72˚C for 10 min. The PCR products were analyzed by 2% agarose gel electrophoresis. Gels were visualized by Gel Doc™XR gel documentation system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 2 -ΔΔCq method was used for the quantification of real-time RT-PCR gene products (21) .
Transfection. A day prior to transfection, cells were seeded into a 6-well plate at a concentration of 4x10 5 cells/well. A total of 2 ml DMEM containing 10% FBS was added, and the cells were cultured 37˚C with 5% CO 2 in the incubator overnight. Transfection was performed when the cells reached 70-80% confluence. For each well, 10 µl Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) was added for every 4 µg siRNA. For the negative control, the transfection was performed with a control siRNA, and serum-free medium was added. Culture medium was replaced 6 h following transfection. The short interfering (si)RNAs were provided by Shanghai Invitrogen Biotechnology Co., Ltd. (Shanghai, China). The siRNA sequences were as follows: FER1L4, 5'-CAG GAC AGC UUC GAG UUA ATT-3' for the forward, and control, 5'-UUC UCC GAA CGU GUC ACG UTT-3' for the forward.
Cell counting kit (CCK)-8 assay.
The CCK-8 assay kit was purchased from Dojindo Molecular Technologies, Inc. (Kumamoto, Japan). Following transfection, logarithmic growth phase cells were harvested and seeded into a 96-well plate at a density of 5,000 cells/well, with 3 replicates for each group. At 24, 48, 72 and 96 h following transfection, 10 µl CCK-8 solution was added into each well. The cells were then cultured at 37˚C for 2 h. Absorbance was measured for each well using a microplate reader at 450 nm, and the growth status of cells in each group was compared.
Transwell assay. Matrigel-coated transwell cell culture chambers (8 µm pore size) was purchased from EMD Millipore (Billerica, MA, USA). The Transwell plate was coated with Matrigel ® (BD Biosciences) and placed into the incubator at 37˚C to dry the basement membrane for 24 h. Following transfection, a single-cell suspension (5x10 4 ) was added drop wise to the upper chamber and the cells were cultured for 24 h at 37˚C, cells on the upper surface of the filters were removed.
The filter membrane was fixed in 4% paraformaldehyde, and stained with Coomassie blue (1 mg/ml). The degree of invasion was quantified by counting the cells that migrated to the lower side of the filter in ≥5 random fields using a light microscope.
Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis assay.
An Annexin V-FITC/PI apoptosis kit was purchased from Nanjing KeyGen Biotech Co., Ltd (Nanjing, China). When the siRNA transfection cells reached 80% confluence following transfection they were digested with 0.25% trypsin and washed with pre-cooled PBS three times. The cells were suspended in 400 µl binding buffer, and 5 µl Annexin V-FITC was added into the cell suspension. Following gentle agitation, the cells were incubated at 2-8˚C in the dark for 15 min. A total of 10 µl PI was added, and the cells were incubated at 2-8˚C in the dark for a further 5 min. The cells were subsequently detected using a FACSCalibur (BD Biosciences, Franklin Lakes, NJ, USA) flow cytometer within 1 h and observed under a fluorescence microscope. The apoptotic analysis was performed using FlowJo (Tree Star, Inc., Ashland, OR, USA Statistical analysis. The results are presented as mean ± standard deviation. Fisher's exact test and χ 2 were used to compare clinicopathological data. One-way analysis of variance and two-sample t-tests were used to analysis the difference in lncRNA FER1L4 expression levels of different grade glioma tissues and four cell lines. The Kaplan-Meier estimator method was used to estimate overall survival, and a log-rank test was used to examine the differences between clinical characteristics and survival in patients with glioma. Analyses were performed using GraphPad Prism software (version 5; GraphPad Software, Inc., La Jolla, CA, USA), P-values less than 0.05 were regarded as statistically significant.
Results
High expression of FER1L4 predicts a poor prognosis in patients with glioma.
To study the association between FER1L4 and glioma, the expression of FER1L4 in 484 patients with either GBM or LGG was analyzed by mining the TCGA database. The expression of FER1L4 in patients with grade IV glioma was 60.57±6.282 (N=149), which was significantly higher compared with that in patients with LGG (II-III; 5.754±0.5195; N=335) ( *** P<0.0001; Fig. 1A ). In addition, the expression of FER1L4 in patients with grade III glioma (6.896±0.8737; N=177) was significantly higher compared with that in patients with grade II glioma (4.475±0.489; N=158; *** P<0.0001). Survival analysis indicated that the prognosis of patients with high FER1L4 expression was significantly worse compared with those with low FER1L4 expression (P<0.0001; Fig. 1B ).
FER1L4 is highly expressed in glioma cell lines in vitro.
RT-qPCR was performed to characterize the expression of FER1L4 in the glioma cell lines U373-MG, U251, U87-MG, SHG-44, LN-18 and in the normal astrocyte cell line NHA-1800. The results demonstrated that FER1L4 expression was higher in all the glioma cell lines studied compared with the normal astrocyte cells (Fig. 2A) . The glioma cell lines U373-UG and U251 exhibited the highest FER1L4 expression (Fig. 2A) .
Expression of FER1L4 is decreased following transfection
with siRNA. In order to investigate the biological function of FER1L4 in glioma cells, U373-MG and U251 cells were transfected with siRNA directed against FER1L4. At 48 h following transfection, FER1L4 expression was significantly downregulated in si-FER1L4-treated cells compared with the control cells (treated with control siRNA) (Fig. 2B) .
Detection of cell proliferation, apoptosis and invasion. CCK-8
and Transwell assays were performed following transfection with FER1L4 siRNA in order to investigate the association between FER1L4 expression and glioma viability and invasion, respectively. Flow cytometry was performed to detect changes in the apoptosis of glioma cells. The survival rates of the FER1L4 siRNA-treated glioma cells (U251 or U373-MG) were significantly lower compared with that of the control cells (P<0.05; Fig. 3) , and the percentage of apoptotic si-FER1L4 glioma cells was significantly higher compared with that of the control cells (P<0.01; Fig. 4) . The Transwell assay revealed that the number of si-FER1L4-treated glioma cells penetrating the basement membrane in each field of view was significantly lower compared with that of the control cells (P<0.0001; Fig. 5 ).
Discussion
Studies that investigate the underlying molecular mechanisms of neuroglioma pathogenesis, and identify novel treatments and targets for gene therapy are required to improve the prognosis of patients with neuroglioma (22) . LncRNAs, including maternally expressed 3 (MEG3) and H19 imprinted maternally expressed transcript (H19) have been associated with the occurrence and progression of neuroglioma (23-25). MEG3 was the first lncRNA demonstrated to have a tumor suppressor effect, and is typically upregulated in tumor tissues compared with normal tissues (26) ; however, a previous study demonstrated that MEG3 is either not expressed or markedly downregulated in 82% of patients with glioma (24) . The activity of cellular tumor antigen p53 is regulated through the downregulation of MEG3, which creates favorable conditions for the in vitro growth of glioma cells (24) . MEG3 may regulate the occurrence and progression of glioma, and therefore represents a novel target for gene therapy (27) .
H19 was one of the earliest lncRNAs to be identified and is highly expressed in the embryonic stages of development. H19 is primarily expressed in endoderm-and mesoderm-derived tissues and belongs to the maternally-derived imprinted gene family (28) . A previous study suggested that H19 serves a role as an oncogene and a tumor suppressor gene (28) . Shi et al (25) discussed the potential biological functions of H19 in glioma. H19 expression was associated with glioma stage; the expression of H19 and its derivative microRNA, miR-675, in high-grade glioma was significantly higher compared with that in low-grade glioma. As H19 was downregulated, miR-675 was also downregulated. H19 is the precursor of miR-675, and H19's oncogenic and regulatory effects on the invasiveness of glioma cells are achieved through miR-675 and the inhibition of cadherin-13 (25) . In addition, H19 regulates the activity of transcriptional factor zinc finger protein GLI1 (GLI1), which serves a role in the development of astrocytoma. Abnormally high expression of GLI1 is typically detected in brain glioma, and the upregulation of GLI1 is associated with an increased cell proliferation index, pathology index and the recurrence of glioma (29) .
FER1L4 has primarily been studied in gastric and colon cancer (17, 18) . Liu et al (30) demonstrated that FER1L4 was downregulated in 91.80% of gastric cancer tissues studied. Additionally, low expression of FER1L4 was associated with tumor size, histological staging, tumor infiltration depth, lymph node metastasis, distant metastasis, tumor-node-metastasis staging, angioneurotic infiltration and serum CA72-4 antigen levels. The expression of FER1L4 is a diagnostic indicator for gastric cancer at an early stage (30) . A subsequent study demonstrated that FER1L4 is a competing endogenous RNA that acts as a tumor suppressor in colon cancer (18) , where its expression is negatively correlated with miR-106a-5p expression. The expression levels of FER1L4 and miR-106a-5p are correlated with tumor infiltration, lymph node metastasis, vascular infiltration and clinical staging in colon cancer. By increasing the expression of FER1L4 exogenously, miR-106a-5p expression can be downregulated, thus reducing the proliferation, migration and invasion of colon cancer (18) .
In the present study, the expression of FER1L4 in patients with different grade of glioma was investigated by mining TCGA data. FER1L4 was significantly upregulated in patients with high-grade glioma compared with patients with LGG, and high expression of FER1L4 significantly predicted a poor prognosis for patients with glioma. Therefore, FER1L4 may be a prognostic indicator for glioma. Additionally, glioma cell invasion and viability were significantly inhibited by transfection with a FER1L4 siRNA, which promoted apoptosis. These results suggest that FER1L4 has a cancer-promoting effect in glioma and is a novel target for gene therapy. However, further studies are required to investigate the underlying molecular mechanisms of the roles that FER1L4 serves in glioma.
